The use of radiation and radioisotopes in Korea has been increasing each year, and its impact on economy and industry is expected to be increasing progressively following the development of industrial technology and the expansion of their usage. To establish and supporting policies for industries using radiation and radioisotopes, it is necessary to check the status of related industries accurately, as well as to gather data required to establish plans for industrial development by studying both revenues and economic scale (contributing to revenue).
Introduction
Radiation and radioisotopes have been used widely in diverse sectors including industry, medicine, research, security and so forth, and the number of organizations using radiation and radioisotopes in Korea has been grown continuously each year owing to internal and external environments such as process automation caused by industrial development, introduction of advanced diagnostic and treatment facilities following promotion of health consciousness and modernization of equipment and materials for research owing to development of new materials.
Domestically and internationally, the market size of radiation sector has been growing continuously, and it is expected that the size of global radiation industry and market will be growing about 2.7 times from KRW 172 trillion (in 2011) to KRW 464 trillion (in 2020). In addition, sectors of materials, devices and medicine encompasses over 75% of JRPR the global radiation market, which is expected to grow at an average rate of 11.7% per year [1, 2] .
The use of radiation and radioisotopes in Korea has been increasing each year, and its impact on economy and industry is expected to be increasing progressively following the development of industrial technology and the expansion of their usage. Currently, the domestic radiation industry is actively engaging in building of large-sized facilities and development of source technology; and the market size has been growing continuously to around KRW 5 trillion (based on direct revenue as of 2014) [3] . However, the domestic strategy of technological development focused on 'technology pursuing' would be difficult to continue in the future radiation market without any new technology with international competitiveness. Recently, there have been emerging several new 'technology leading' research projects, though there are still difficulties in terms of financial resources and infrastructure. In addition, there are large gaps between researchers and corporations which will commercialize the research results, so it is not easy to maintain corridors which would lead to commercialization after technical transfer. In this context, it is required to establish policies on localization of radiation appliances including provision of R&D infrastructure, manpower training, R&D support and financial independence improvement programs for small businesses, mitigation of regulation and so forth.
Therefore, to establish and complement policies for industries using radiation and radioisotopes, it is necessary to check the status of related industries accurately, as well as to gather data required to establish plans for industrial development by studying both revenues and economic scale (contributing to revenue).
This study intended to analyze the status of using radiation and radioisotopes, revenue from them, their economic scale, and status of manpower engaged in the related sectors [4, 5] , which would provide basic data when establishing a direction for efficient development plans and governmental policies.
Materials and Methods
Domestic organizations using radioisotopes and radiation generators have been regulated in large based on the following three acts: Nuclear Safety Act, Medical Service Act, and Veterinary License Act. To check the scale of using radioisotopes and radiation generators in Korea, organizations regulated by these three acts were surveyed. Each of these three acts is regulating facilities related to nuclear facilities and radiation, installation and operations of radiation generators for medical and diagnostic use, and radiation generators for animal diagnostics. In addition, other radiation generators for medical and diagnostic purposes are regulated pursuant to the Medical Appliances Act, and the production and sales of radiation generators for medical and diagnostic purposes are controlled by the Nuclear Safety Act.
To analyze the status of utilization, surveys were carried out on 6,621 organizations engaged in nuclear operations handling radiation and radioisotopes pursuant to the Nuclear Safety Act as of end 2014, on 33,471 medical institutions using radiation generators for medical and diagnostic purposes pursuant to the Medical Service Act, and on 2,218 organizations using radiation generators for animal diagnostics pursuant to the Veterinary License Act. In addition, questionnaire surveys were performed against user organizations and licensed organizations for the following purposes: First, 'questionnaire surveys for the status of utilization' were conducted to check the prospects of radiation usage, supply and demand of labor force, status of wages of safety managers, revision of regulation and its facing difficulties, and supply and demand of RIs against 1,416 organizations (business places) licensed to use radiation and radioisotopes. Second, surveys on user satisfaction levels for maintenance and follow-up management and hardware prices were conducted against organizations using radiation appliances for analysis, of which dependency on import is high, especially, the unit prices are high and the number of manufacturers is less than ten. Tables 1 and 2 show the targets, period, scope and methods of the surveys.
Results and Discussion
The overall status of the domestic radiation market including the number of user organizations, that of employees, and the size of distributions (imports, productions, and exports) with which the scale of domestic radiation market can be judged showed a growth trend compared to the previous year, though the number of employees for radiation operation in industrial sector, research sector, education sector, military sector, and power plants (nuclear power plants) and the size of imports was reduced somewhat (Table 3) . Especially, in the distribution sector, the reduced imports and the increase productions and exports showed that the dependency on import has been decreasing, which was a positive sign for the domestic non-power generation sector. However, owing to the de-
Licensed Organization for Each Application
The number of licensed organizations pursuant to the Nuclear Safety Act has been increase 9.4% per year on average in the past five years. Among the sectors using radiation and radioisotopes, the industrial sector occupied the largest share. Since the industrial sector encompasses general manufacturing industry, production and sales organizations, and organizations specialized in non-destructive inspections, this sector occupies most of the entire licensed organizations, followed by public sector, education sector, R&D sector, medical sector, and military sector.
1) Licensed Organizations Using Radioisotopes
As of 2014, the number of organizations using radioisotopes for electron capture detectors was the largest at 1,191 (36.7%), because gas chromatography devices are the most widely used analysis equipment at present. The most widely used detector in gas chromatography is an electron capture detector, which uses 63 Ni as the nuclide. The number of organizations licensed to use radioisotopes for industrial gauges was 609 (18.8%), followed by 183 organizations (5.6%) for XRF and 179 organizations (5.5%) for internal inspections. Radioisotopes in the past four years have been mostly used for electron capture detectors, industrial gauges, X-ray fluorescence spectrometers (XRFs), internal inspections, radiation sources for calibration and those for PET checking. Around 75% of the entire licensed organizations have been using radioisotopes for these purposes (Table 4) .
2) Licensed Organizations Using Radiation Generators
In the recent four years, radioisotopes have been mostly used for radiographic inspection, X-ray fluorescence spectrometer (XRF), X-ray diffraction spectrometer (XRD), and security inspection. The proportion of organizations using radioisotopes for these purposes was around 90.0% of the entire licensed organizations, and the proportion has been increasing slightly each year (Table 5) . 
JRPR
The number of licensed organizations using new radioisotopes in 2014 was 122 in total; and except 13 organizations which produced, sold and transported radioisotopes, most of these organizations used the radioisotopes for electron capture detectors and industrial gauges.
The number of licensed organizations using new radiation generators was 542 in total; and except 31 organizations which produced, sold and transported radioisotopes, most of these organizations used the radioisotopes for radiographic inspection, X-ray fluorescence spectrometers (XRFs), X-ray diffraction spectrometers (XRDs), and security inspection. Among organizations newly licensed in 2014, more than 95% got licenses for these purposes. Especially, the increase of Xray fluorescence spectrometers (XRF) was caused as the range of usage has been expanded owing to launching of products with functionality of checking hazardous substances (RoHS) in various materials (such as toys), though they had been used in checking materials in diverse metallic products. When checking the distribution of organizations using RIs in the recent ten years, they have been increasing by around 10% nationwide except Seoul and Daejeon. Especially, many organizations related to RIs and so forth have been concentrated in the capital area including Seoul and Gyeonggi-do; thus other regions have tried to invite organizations such as institute of radiological & medical sciences for southeast area in Busan and advanced science and industrial complex in Jeongeup for the inter-regional balanced development.
Status of Distribution of Radioisotopes and Others

1) Imports
The size of domestic imports in 2014 was studied as KRW 531.8 billion including radioisotopes and radiation applianc- Others: tracers, in vitro inspection, opened radiation source for treatment, radiographic inspection (NDT), irradiation to blood / skin, etc.
es, which was reduced by 12.7% compared to that of 2013 (KRW 609.0 billion) ( Table 6 ). One of the causes of such decrease was the reduction of imports owing to the increased localization of medical devices. For radioisotopes (6.2% of the total imports), owing to increased imports of 60 Co used in large-scale gamma-ray irradiation plants and 192 Ir used in ra- diographic inspections, the imported radiation dose was increased, and the amount of RI imports in the medical sector was KRW 24.3 billion, which was 73.8% of the total RI imports. The import radiation dose in the recent five years (2010-2014) has been grown at compound annual growth rate (CAGR) of 30.9%. For radiation appliances (93.8% of the total imports), the imports of industrial (non-medical) radiation generators and diagnostic radiation generators for medical use was decreased considerably; thus, it was analyzed that the overall imports was decreased.
2) Productions
It was surveyed that the total domestic production in 2014 including industrial and medical radiation generators and RIs was KRW 529.0 billion, a 22.5% increase over that of 2013 (KRW 431.8 billion) (Table 6 ). Major causes of the growth included the increased production of processed radiation sources produced at Hanaro and cyclotrons and that of computerized tomographic scanners for medical diagnostics. Ir would be influenced by the operating period of Hanaro. The production of radiation appliances (71.8% of the total productions in terms of quantity and monetary amount) was increased owing to the increased localization of medical diagnostic devices.
3) Exports
The total domestic exports of radioisotopes in 2014 was checked as KRW 279.0 billion, a 23.5% increase over 2013 (KRW 225.9 billion) ( Table 6 ). The production of radioisotopes (2.1% of the total exports) was increase slightly owing to the increased exports of 14 C marker chemicals used in new medicine development; on the other hand, that of radiation appliances was increased considerably since the exports of com-JRPR puterized tomographic scanners for medical diagnostics was increased drastically compared to that of the previous year.
Economic Scale of Using Radiation
When conducting macroscopic analysis by using industrial linkage analysis, the revenue (economic scale) contributed by technology of using radiation and radioisotopes was estimated to reach KRW 16,532.3 billion in total, a 1.7% increase over 2013 in five sectors such as industrial (manufacturing) sector, non-destructive inspection, radiation sterilization sector, medical sector and agricultural sector.
In case of the industrial (manufacturing) sector, the economic scale was reduced by 1.4% over the previous year, and in the non-destructive inspection sector, 48 companies specialized in radiographic inspections recorded revenue of KRW 205.5 billion in total, a 12.5% increase over the previous year. The radiation sterilization sector showed an increase of 14.6%, next to that of the agricultural sector. The medical sector showed a slight increase of 10.4% over the previous year; while the agricultural sector revealed the largest increase of 27.3% over 2013, as the productions of mutant breeds was expanded.
Questionnaire Survey for Status of Utilizing Radiation and Radioisotopes
The usage of radiation and radioisotopes has been increasing around licensed organizations, though the number of replies saying that there has been no change in the usage of radiation and radioisotopes in the recent five years was the highest. A reason of the increased usage in organizations replying that the usage was increased was the improved economic efficiency. On the other hand, organizations replying that the usage was decreased said that stringent legal requirement was a major factor of the decrease. For the prospects of the next five years, replies that there would be no change was the largest at 45.4%, while opinions of decreasing reached 33.7%. likewise, most respondents expected that there would be no change or a decreasing trend.
Concerning policies on revision of regulation and promotion of radiation usage, responses on difficulties in various screening and inspections was listed at 21.2% as the regulations needed to improve. It showed that there were many opinions which wanted to improve the current regulatory system more reasonably. Next, concerning the question of which policy would be required to promote the use of radiation, opinions on deregulation of the licensing system was the highest at 47.5%. It showed that although various regulations have been strengthened for the safety of people, such regulations have acted as inhibitors in promoting the usage of radiation; thus, it appeared that there would be some improvements (Figure 1 ).
In the survey of supply of radioisotopes (RIs), 50.4% of the responses said that they satisfied with the supply of radioisotopes, while 44.0% reported that it was ordinary. Thus, it appeared that most respondents satisfied with the domestic supply of radioisotopes. In addition, for the improvement of satisfaction level of RI supply, opinions of reducing the price of radioisotopes for the improved satisfaction of the RI supply reached 30.7%, followed by urgent localization at 26.1% (Table 7) . To promote the usage of radiation, it appeared that the RI supply system with appropriate price range through localization would be necessary. When surveying the supply and demand of labor force engaged in radiation operations, the shortage of manpower was reported the highest in the non-destructive inspection sector at 44.5%. It appeared that the causes were a combination of various factors including the necessity of transportation which is one of characteristics of non-destructive inspections, qualification of transporters, etc. This issue should be resolved through improvement of labor conditions in the future. In addition, concerning the qualification of required manpower, 52.5% elected the issue of radiation-related license-holders. Although many organizations require license-holders, the number of license-holders could not meet the demand. Therefore, it seemed that the current licensing system shall be reviewed and improved. In addition, as most radiation appliances have been depend- JRPR ed on imports in Korea, a questionnaire survey on user satisfaction level for XRD and XRF, which have been used most widely among radiation appliance for analysis, was conducted. Especially, on questions asking the necessity and reasons of localization of radiation appliances, an overwhelming 80.2% said that the localization is necessary. For major reasons why such localization would be needed, many people selected the expectation for price competition and fast maintenance. For major reasons why such localization would be unnecessary, many respondents selected lack of trust for domestic equipment and the small size of local market. Considering the opinions of respondents, if local products have price range and performance similar to that of foreign products, they would have competitive edge in terms of price. However, since there would be limitation if such products are targeting the domestic market only, it was analyzed that the exports to international markets should also be sought.
Conclusion
Through this study, many major indicators related to the usage of radiation and radioisotopes in 2014 were secured and also the domestic revenue and economic scale were derived. Especially, questionnaire surveys on the status of utilization and radiation appliances (for analysis) were conducted, which would be served as a foothold in raising national competitiveness in the medium and long term by setting up the direction of R&D in the industrial sector using domestic radiation appliances in the future.
It is expected that data acquired through periodic surveys on the status of utilization would be utilized practically in establishing governmental policies related to the promotion of usage of radiation and radioisotopes, and also be utilized widely in cultivating and developing the industry efficiently to invigorate the related industries.
